A new locus for exopolysaccharide overproduction in Escherichia coli K-12 was mapped by insertion mutagenesis. A 66% linkage to serA, which is located at 62 min on the E. coli K-12 linkage map, was shown by P1 transduction. The polysaccharide produced by the mutant was isolated and was shown to be similar to colanic acid.
Wild-type Escherichia coli K-12 is nonmucoid and produces little colanic acid (9) . Mutations at a number of loci are responsible for an increase in colanic acid production, leading to the mucoid phenotype. These mutations include capR (lon), capS, and capT (9) . The lon gene maps at 10 min on the E. coli K-12 linkage map (9) . capS has been mapped near trp at 22.5 min, whereas the position of capT has not been determined (9) . Recently, three regulatory genes (rcsABC) were shown to be involved in the regulation of capsular polysaccharide synthesis (6) . rcsA and rcsB are positive regulators, located at 43 and 47 min, respectively, on the E. coli K-12 linkage map; rcsC maps at 47 min and is a negative regulator.
In this work we studied a mucoid Mu d(Ap lac) insertion mutant of E. coli K-12. We present evidence of a new locus, ops (for overproduction of polysaccharide), involved in capsular polysaccharide overproduction. By P1 transduction this locus was shown to be linked to serA (62 min).
The bacterial strains used are listed in Table 1 . Luria broth (LB) and minimal medium (MMN) containing 0.2% glucose as a carbon source were prepared as described by Miller (10) . Ampicillin when indicated was added to media at a concentration of 2.5 ,ug/ml. Additions to MMN were isoleucine (2 ,ug/ml), valine (2 ,ug/ml), and thiamine (2 ,ug/ml), as required.
Transductions, conjugations, and the preparation of Mu d(Ap lac) lysates from E. coli MAL103 (3) were done as described by Miller (10) . Thymidylate synthetase (thy) mutants were selected on minimal medium glucose (MMNG) plates supplemented with 5 jig of trimethoprim and 50 ,ug of thymidine per ml (2) . Antibiotic-resistant strains were selected on LB plates containing either nalidixic acid (2.0 ,ug/ml) or streptomycin (12 ,ug/ml). P-Galactosidase activity was measured as described by Miller (10) . Total hexose was assayed by the phenol-H2SO4 method (5) . The amount of methylpentose was determined by the H2SO4-cysteine procedure (4) or by assaying fucose directly with fucose dehydrogenase by the method described by Maler (8) near serA. This region has not previously been reported to contain a locus causing overproduction of exopolysaccharide by E. coli K-12. The exopolysaccharide produced by ZP10 was purified and analyzed to determine if ZP10, like other mutants of E. coli K-12, overproduced colanic acid. Colanic acid is usually quantified in terms of the amount of nondialyzable methylpentose present in the supernatant of centrifuged cell cultures. The dialyzed supernatants of ZP10 contained neither methylpentose as determined by the cysteine-H2SO4 method nor hexose as assayed by the phenol-H2SO4 procedure.
Crude phenol extracts were obtained from the nonmucoid strain CU1008Alac, from ZP10, and from the well-characterized mucoid lon mutant M6. M6 is not an isogenic strain, but it is known to produce colanic acid and was used here as a positive source of this polysaccharide. The extracts were assayed for fucose content by using fucose dehydrogenase. No fucose was detected in CU1008Alac, and comparable amounts were found in M6 (264.0 nmol of a-fucose per 20 ml of a culture at 185 Klett units) and ZP10 (246.0 nmol of a-fucose per 20 ml). For ZP10, the presence of fucose in the whole-cell extract and the absence of hexose in the supernatant suggested that the exopolysaccharide was not released into the medium but remained bound to the bacterium.
The exopolysaccharides associated with the cell pellets of CU1008Alac, M6, and ZP10 were precipitated and purified by the cetavlon method after extraction by phenol. The amounts of hexose recovered were as follows (percentages are relative to the weight of the original lyophilysate): CU1008Alac, 2.63 mg (0.34%); M6, 42.4 mg (6.14%); and ZP10, 48.8 mg (6.23%).
Infrared spectra were obtained for the polysaccharides purified from M6 and ZP10. The spectra were virtually identical and compared favorably with those of colanic acid published by Sapelli and Goebel (14) .
Immunological studies were kindly carried out by Ida and Frits 0rskov. The polysaccharides from M6 and ZP10 precipitated at the same anodic location as that for their test strain for the M antigen (colanic acid) (E90 with the serotype O1:K?:H-, M) in both ordinary immunoelectrophoresis and cetavlon electrophoresis. In crossed immunoelectrophoresis, both polysaccharides gave a precipitation line at the same location as that of the M antigen of E90. All of the antibodies which are removed from the anti-M test serum by E90 were absorbed equally by M6 and ZP10.
A chromosomal mutation mapping near serA was generated by Mu d(Ap lac) insertion. This is the first time that such a locus has been implicated in the overproduction of exopolysaccharide in E. coli K-12. This insertion did not cause any recognizable pleiotropic effect in ZP10, suggesting that the mutation is specific to polysaccharide production.
This strain was not more sensitive to UV exposure than its parent CU1008AIac (data not shown). Mutations at a number of loci have been shown to lead to an overproduction of colanic acid. Since E. coli K-12 has been found to produce only this exopolysaccharide, it is possible that we have mapped yet another locus for colanic acid, as is suggested by the spectral and immunological analyses. Linkage of kps genes to serA has been demonstrated for a number of K-antigen-producing strains of E. coli (11, 13, 15) . While E. coli K-12 has not thus far been shown to produce K or 0 antigen, it may well have the structural genes required for their synthesis. In fact, a number of rfb genes, responsible for 0-antigen synthesis in other E. coli strains, are found in E. coli K-12 even though no 0 antigen is produced by this strain. Therefore, kps genes, involved in K-antigen synthesis, could be present but not normally expressed. As genes for K-antigen biosynthesis are known to be linked to serA, our localization of the Mu d(Ap lac) insertion in ZP10 raises the possibility that enzymes common to K-antigen and colanic acid biosynthesis routes are derepressed in this mutant due to insertion at a K-antigen control site.
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